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ABSTRACT 

HEMODYNAMICS  OF  THE  STOMACH 
III.  EFFECTS  OF  SALMONELLA  TYPHOSA  ENDOTOXIN  ON  THE 
RESISTANCE  TO  BL-OOD  FLOW 


OBJECT 

This  study  was  designed  to  determine  the  response  of  the  gastric 
vascular  bed  to  the  local  administration  of  the  endotoxin  of  Salmonella 
typhosa  0901. 

RESULTS  •  . 

The  injection  of  endotoxin  into  the  left  gastric  artery  of  10  dogs 
produced  a  rapid  average  increase  in  gastric  arterial  pressure  (100%) 
and  coronary  venous  pressure  (200%).  Arterial  pressure  remained 
elevated  for  30  minutes,  but  venous  pressure  returned  to  control  in  15 
minutes.  Systemic  arterial  pressure  fell  an  average  of  20%  In  10  minutes. 
Locally  infused  phentolatuine  blocked  the  responses  of  the  gastric  artery 
and  coronary  vein  without  affecting  systemic  pressure. 

In  a  second  series  of  animals  whose  systemic  and  gastric  circula¬ 
tions  were  completely  separated,  endotoxin  administered  into  either  the 
gastric  or  systemic  circulation  failed  to  produce  rapid  increases  in 
gastric  vascular  resistance. 

CONCLUSIONS 

These  studies  indicate  that  the  left  gastric  arterial  and  coronary 
venous  pressure  increases  induced  by  endotoxin  in  the  intact  animal  are 
probably  mediated  in  large  part  by  systemic  release  of  catecholamines. 

RECOMMENDATIONS 

None. 
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HE  MO  DYNAMICS  OF  THE  STOMACH 
IH.  EFFECTS  OF  SALMONELLA  TYPHOSA  ENDOTOXIN  ON  THE 
RESISTANCE  TO  BLOOD  FLOW 

L  INTRODUCTION 

Endotoxin  is  responsible  for  many  profound  vascular  effects  in¬ 
cluding  venous  pooling,  changes  in  resistance  to  blood  flow  in  many 
organs,  and  circulatory  collapse  leading  to  death.  Most  prominent 
among  the  many  early  vascular  effects  of  endotoxin  is  the  rapid  develop¬ 
ment  of  hepatic  and  intestinal  congestion  (1,2).  The  apparent  cause  of 
this  pooling  of  blood  in  these  organs  is  venous  constriction  in  the  liver. 
With  time  hepatic  engorgement  subsides,  but  pooling  of  blood  in  the 
intestine  continues,  suggesting  some  persistent  effects  of  endotoxin  on 
the  blood  vessels  of  the  gut  (2). 

The  gastric  circulation,  like  the  intestinal,  is  in  direct  continuity 
with  the  portal  vein  and  might  be  expected  to  exhibit  responses  similar 
to  those  of  the  gut  vasculature.  This  investigation  is  concerned  with 
the  response  of  the  gastric  vascular  bed  to  the  local  administration  of 
the  endotoxin  of  Salmonella  typhosa  0901. 

II.  METHODS 

Twenty-five  mongrel  dogs  of  both  sexes  weighing  eight  to  20  Kg. 
were  subjects  of  acute  studies.  The  animals  were  anesthetized  with 
pentobarbital  sodium  {35  mg.  per  Kg.)  and  anticoagulated  with  heparin 
sodium  (5  mg.  per  Kg.).  Artificial  respiration  was  administered  by  a 
tracheal  cannula  when  required.  The  stomach  and  its  main  blood  vessels 
wfrc  exposed  by  a  left  subcostal  incision.  Splenectomy  was  routinely 
performed  and  the  stomach  was  ligatsd  at  both  ends.  Under  these  con¬ 
ditions  th«  vagi  were  probably  not  functioning. 

Following  ligation  of  the  hepatic  and  splenic  arteries  near  their 
origins,  the  right  gastric  and  right  gastroepiploic  arteries'and  veins, 
and  the  multiple  branches  of  the  left  gastroepiploic  artery  and  vein 
which  enter  and  leave  the  greater  curvature  were  ligated.  Blood  was 
perfused  through  the  left  gastric  artery  of  the  stomach  by  a  pressure- 
independent,  variable  flow  pump  (Sigmamotor  Pump,  Model  T-65)  inter¬ 
posed  between  the  right  femoral  artery  and  the  celiac  axis. 

Needles  were  inserted  into  the  coronary  vein  of  the  stomach,  ths 

perfusion  tubing  proximal  to  ths  left  gastric  artery,  and  the  left  common 
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carotid  artery  and  connected  u>  a  strain  guage  for  recording  of  blood 
pressures  {Sanborn  Twin- Viso,  Model  60). 

Salmonella  typhosa  0901  endotoxin  (0.  6  mg.  per  Kg.  Bacto  Lipo- 
polysaccharice,  Difco  Laboratories)  was  injected  in  one  bolus  directly 
into  the  perfusion  system  just  proximal  to  the  left  gastric  artery. 

Blood  flow  through  the  gastric  artery  was  fixed  at  a  given  rate  for 
each  experiment.  Flow  varied  from  24  to  48  ml.  per  minute. 

Single  Circulaticn.  Pressures  were  recorded  from  five  minutes 
before  to  30  minutes  after  injecting  endotoxin  in  ten  dogs.  In  three  ad¬ 
ditional  animals  this  experiment  was  repeated,  but  a  phentolamine 
infusion  in  doses  which  d’d  not  alter  systemic  arterial  pressure  (0.  5 
to  3.  0  pg.  per  minute)  was  administered  into  the  gastric  artery  through¬ 
out  the  experiments.  In  three  other  animals  no  endotoxin  was  adminis¬ 
tered  and  the  results  obtained  for  20  minutes  in  these  dogs  served  as 
control  records.  In  these  Latter  three  control  animals  the  systemic 
arterial  pressure  was  lowered  by  exsanguiaation  to  the  same  degree  as 
observed  with  endotoxin  and  the  effect  on  the  gastric  arterial  pressure 
was  measured. 

Dual  Circulations.  In  nine  other  animals  venous  drainage  from 
the  stomach  was  collected  in  a  reservoir  connected  to  a  pump-oxygenator 
(Kay-Cross  disc  oxygenator,  Pemco  Inc.  )  before  being  returned  to  the 
left  gastric  artery.  This  constituted  a  closed  circuit  gastric  circulation. 
Endotoxin  was  injected  into  the  perfusion  system  as  outlined  above  in 
three  of  these  nine  dogs  and  injected  into  a  systemic  vein  in  another 
three  animals  of  this  group.  No  endotoxin  was  given  to  the  remaining 
three  dogs  which  served  as  controls.  Recordings  were  obtained  in  these 
nine  dogs  for  the  subsequent  30  minutes.  The  isolation  of  the  gastric 
circuit  was  checked  by  two  methods:  the  volume  of  blood  collected  from 
the  coronary  vein  was  compared  with  the  volume  perfused  through  the 
gastric  artery,  and  India  ink  was  injected  into  the  perfusate  to  determine 
whether  leakage  of  ink  was  occurring  beyond  the  confines  of  the  stomach. 
These  procedures  showed  that  the  stomach  circulation  was  isolated  from 
the  systemic. 

III.  RESULTS 


Single  Circulation.  The  injection  of  endotoxin  Into  the  gastric 
artery  of  ten  dogs  caused  a  rise  in  coronary  venous  pressures  followed 
within  two  minutes  by  an  Increase  in  Wt  gastric  artery  pressures  and 
a  decrease  in  left  common  carotid  artery  pressures.  Peak  venous 
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pressures  were  achieved  at  about  five  minutes  after  injection  andaveraged 
over  200  per  cent  of  control.  Venous  pressures  then  returned  to  pre¬ 
injection  levels  over  the  next  15  minutes.  Left  gastric  artery  pressures 
continued  to  climb  to  maximum  values  for  ten  minutes  beyond  injection 
and  then  decreased,  but  were  still  nearly  twice  control  values  at  50 
minutes.  The  pressure  gradient  across  the  gastric  vascular  bed  showed 
a  mean  increase  at  ten  minutes  of  107  per  cent  aud  at  50  minutes  was  39 
per  cent  above  the  pre-injection  value.  These  values  were  significant 
(p  =<.  001)  when  compared  with  pressure  gradient  changes  obtained  in 
the  three  control  animals  using  the  Student  test  (3).  Systemic  pres¬ 
sures  reached  a  nadir  at  ten  minutes  after  injection  of  endotc::in  when 
an  average  value  of  24  per  cent  below  the  pre- injection  level  was  re¬ 
corded.  Subsequently,  pressure  in  the  carotid  artery  returned  to  a 
mean  value  of  13  per  cent  below  initial  pressure  at  30  minutes  after  in¬ 
jection.  These  results  appear  in  Fig.  1. 


Fig.  1.  Average  preeauree  from  ten  dogs  in  whom  endotoxin 
was  injected  into  the  left  gastric  artery  (arrow).  GastHc  and 
systemic  circulations  were  in  continuity.  Per  cent  change 
from  initial  values  U  noted  at  various  times. 
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In  the  three  animals  in  whose  perfusion  system  a  phentolaxnine 
infusion  was  maintained  after  injection  of  endotoxin,  the  gastric  arterial 
pressure  increased  only  18  per  cent  over  the  pre-injection  value.  Venous 
pressure  rose  only  30  per  cent  in  these  dogs.  The  results  from  these 
animals  are  shown  in  Table  L  I 

In  the  three  control  animals  the  mean  gastric  artery  pressure 
varied  by  no  more  than  13  per  cent  above  or  below  initial  pressure  over 
a  period  of  30  minutes.  The  coronary  vein  and  systemic  arterial  pres¬ 
sures  displayed  correspondingly  small  fluctuations.  These  results  are 
shown  in  Table  L 

Lowering  systemic  blood  pressure  20  per  cent  by  bleeding  had  no 
effect  on  gastric  artery  pressure  in  the  thrfe  control  animals. 

Dual  Circulations.  In  the  nine  animals  in  whom  the  circulation  o' 
the  dtomach  was  separated  from  the  systemic  circulation  and  maintained 
nrith  a  pump- oxygenator,  the  venous  pressure  was  atmospheric  through¬ 
out.  In  the  three  dogs  of  this  group  in  whom  no  endotoxin  was  adminis¬ 
tered,  there  was  a  progressive  rise  in  mean  left  gastric  artery  pressure 
of  63  per  cent  over  30  minutes,  while  systemic  arterial  pressure  varied 
by  no  more  than  15  per  cent  above  or  below  control.  The  results  from 
these  three  control  animals  used  to  show  the  effect  of  time  on  gastric 
artery  pressure  are  seen  in  Table  II. 

In  the  three  dogs  of  this  group  in  whom  endotoxin  was  injected  into 
the  gastric  circulation  and  did  not  reach  the  systemic,  circulation,  there 
was  no  increase  in  perfusion  pressure.  At  30  minutes  gastric  arterial 
pressure  was  the  same  as  at  th.»  time  of  injection  and  was  significantly 
lower  than  that  found  in  the  three  control  dogs  with  separate  circulations 
(p  =  <.  02).  Systemic  pressure  fluctuations  were  the  same  as  In  the 
control  animals.  Tbese  results  are  shown  in  Table  12. 

In  the  three  doge  with  dual  circulations  in  whom  endotoxin  was 
injected  into  th«  systemic  circulation,  pressures  at  30  minutes  were 
not  significantly  different  from  the  dual  circulation  control  animals. 

These  results  are  shown  in  Table  IL 

The  effect  of  endotoxin  on  gastric  vascular  resistance  was  cal¬ 
culated  for  the  six  series  of  experiments:  control,  endotoxin,  and  endo¬ 
toxin  with  phentolamine  in  the  animals  with  a  single  circulation,  and 
control,  endotoxin  in  the  gastric  artery  and  endotoxin  in  the  systemic 
vein  Ln  the  dogs  with  two  separate  circulations.  It  can  be  seen  (Fig.  2a) 
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that  endotoxin  induces  a  persistent  increase  in  gastric  vascular  resistan 
which  is  blocked  by  phentolamine  infused  into  the  gastric  artery.  In  the 
animals  with  separate  circulations  (Fig.  2b)  endotoxin  injected  into  the 
gastric  circulation  prevented  the  rising  resistance  observed  inthecontn 
dogs,  while  endotoxin  in  the  systemic  circulation  induced  no  significant 
change  from  control. 

IV.  DISCUSSION 

Endotoxin  when  injected  directly  into  the  left  gastric  artery  and 
allowed  to  circulate  systemically  produced  a  prolonged  increase  in  gasti 
vascular  resistance.  This  effect  was  abolished  by  phentolamine.  When 
the  gastric  circulation  was  isolated  from  the  systemic  and  endotoxin  in¬ 
jected  into  the  systemic  circulation  there  was  no  change  from  control. 

V/ hen  endotoxin  was  injected  into  the  separate  gaBtric  circulation  the  re¬ 
sistance  increase,  which  had  been  noted  in  the  three  control  animals,  d: 
not  occur.  These  studies  suggest  that  endotoxin  produces  an  active  in¬ 
crease  in  the  gastric  vascular  resistance  in  the  dog  by  an  indirect  meet 
nism.  This  increase  is  produced,  at  least  in  part,  by  a  remote  release 
of  catecholamines  into  the  blood.  It  also  appears  that  the  direct  effect 
of  endotoxin  on  the  isolated  gastric  circulation  is  a  prevention  of  the  in¬ 
crease  in  gastric  vascular  resistance  observed  in  the  control  dogs  with 
dual  circulations.  In  the  animal  with  a  single  circulation,  however,  the 
indirect  mechanism  predominates. 

Several  factors  might  have  been  responsible  for  the  increase  re¬ 
sistance  to  blood  flow  in  the  stomach  of  the  Bingle  circulation  animals  1 
ducted  by  endotoxin.  The  rise  in  venous  pressure,  presumably  due  to 
hepatic  venous  congestion,  might  have  actively  elevated  resistance  in  th 
stomach.  Endotoxin  when  administered  into  the  left  gastric  artery  migl 
have  acted  dirertly  on  the  gastric  vasculature  or  have  liberated  a  vaso¬ 
active  chemical  mediator  locally;  or  it  might  have  acted  indirectly  upon 
a  distant  site  by  nervous  or  chemical  means. 

It  appears  unlikely  from  these  studies  that  the  elevation  of  venous 
pressure  in  the  stomach  could  have  had  more  than  a  minor  role  in  raisi 
gastric  arterial  pressure.  Peak  coronary  vein  pressures  were  reaches 
long  before  arterial  pressures  were  maximal,  and  pressures  in  the  left 
gastric  artery  remained  twice  control  long  after  restoration  of  venous 
pressures  to  control  values.  The  veno-arteriolar  reflex,  as  described 
in  other  beds  (4,  5),  exerts  a  nearly  immediate  effect  rather  than  the 
sequence  observed  here.  In  preliminary  investigations  in  this  laborato 
a  three-fold  rise  in  coronary  venous  pressure  was  not  accompanied  by 
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Fig.  2.  Change*  in  gastric  vascular  resistance  in  the  six  series  of  ex* 
periments.  Figure  a  compares  resistance  changes  In  the  single  circu¬ 
lation  experiment*  in"  the  control  dogs  with  changes  induced  by  endotoxin 
and  by  endotoxin  and  phentolamine.  Figure  b  compares  resistance 
changes  in  the  dual  circulation  experiments  in  the  control  series  with 
the  groups  given  endotoxin  either  in  the  gastric  artery  or  systemic  vein. 
N  signifies  the  number  of  subjects.  Q  represents  the  mean  flow  for  th« 
series  (ml.  per  min. )  and  the  arrow  indicates  endotoxin  injection. 


increases  in  gastric  arterial  pressures  which  were  of  the  magnitude 
observed  after  injecting  endotoxin. 

When  endotoxin  was  injected  into  the  isolated  gastric  circulation, 
resistance  remained  unchanged  for  the  subsequent  30  minutes.  In  the 
control  animals  with  two  circulations  resistance  increased  63  per  cent 
in  30  minutes  (Fig.  2b).  This  suggests  that  the  local  action  of  endotoxin 
in  the  gastric  vascular  bed  is  dilatation. 

The  increase  in  gastric  vascular  resistance  must  be  secondary  to 
a  distant  mechanism  of  endotoxin.  This  inference  is  confirmed  by  the 
three  experiments  with  locally  infused  phentolamine  and  the  studies  with 
separate  circulations  in  which  endotoxin  was  excluded  from  the  stomach 
circuit.  Phentolamine  was  infused  into  the  1-eft  gastric  artery  in  amounts 
which  did  not  affect  systemic  arterial  pressure.  The  failure  of  endotoxin 
to  elevate  pressure  significantly  in  the  gastric  artery,  where  phento¬ 
lamine  concentration  was  high,  suggests  that  circulating  catecholamines 
or  the  sympathetic  nervous  system  was.  responsible  for  the  increases  in 
gastric  artery  pressure  due  to  endotoxin. 

In  the  three  double  circulation  experiments  in  which  endotoxin  was 
injected  systemically  and  presumably  neither  endotoxin  nor  any  substances 
it  elaborated  could  have  reached  the  gastric  circulation,  gastric  arterial 
pressures  were  not  significantly  different  from  the  control  animals  with 
two  circulations  (Fig.  2b).  This  suggests  that  endotoxin  acts  to  raise 
gastric  vascular  resistance  in  the  intact  animal  through  local  vasocon¬ 
striction  mediated  primarily  by  circulating  substances.  The  sympathetic 
nervous  system  is  of  little  importance  locally  in  this  preparation. 

The  mild  early  systemic  hypotension  induced  by  endotoxin  was  not 
responsible  for  the  gastric  vascular  resistance  changes.  When  compa¬ 
rable  degrees  of  hypotension  were  induced  by  exsanguination,  left  gastric 
artery  pressure  did  not  change. 

The  nature  of  the  mechanism  whereby  endotoxin  elaborates  vaso¬ 
active  substances  is  not  evident  from  these  studies. 

V.  SUMMARY 


The  effects  of  endotoxin  on  the  gastric  vascular  bed  of  the  dog  were 
investigated  using  an  acute  preparation  in  which  flow  was  kept  constant 
and  pressure  allowed  to  fluctuate  freely.  Both  gastric  artery  and  coro¬ 
nary  venous  pressures  exhibited  marked  rapid  increases  in  response  to 
S.  typhosa  endotoxin  administered  into  the  left  gastric  artery  in  ten  dogs. 
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Arterial  pressure  doubled  and  venous  pressure  increased  by  about  200 
mm.  Hg  within  five  to  ten  minutes  after  endotoxin  injection.  Arterial 
pressure  remained  elevated  for  30  minutes,  but  venous  pressure  re¬ 
turned  to  normal  in  1 5  minutes.  Simultaneously,  Systemic  pressure  fel 
20  per  cent  in  ten  minutes  and  only  partly  recovered  by  30  minutes.  Th< 
responses  of  the  gastric  artery  and  coronary  vein  were  blocked  by  local 
infused  phentolamine. 

In  a  second  series  of  animals  whose  systemic  and  gastric  circu¬ 
lations  were  completely  separated,  endotoxin  administered  into  the  gas¬ 
tric  circulation  prevented  the  resistance  increase  observed  in  control 
animals  and  in  animals  with  endotoxin  administered  in  the  systemic 
circulation.  The  response  of  the  gastric  vasculature  to  endotoxin  noted 
in  the  intact  animals  was  not  observed  in  the  dogs  with  separate  gastric 
and  systemic  circulations  in  whom  endotoxin  had  been  administered  in 
either  circulation. 

These  studies  indicate  that  the  left  gastric  arterial  and  coronary 
venous  pressure  increases  induced  by  endotoxin  in  the  intact  animal  are 
mediated  by  increased  levels  of  circulating  catecholamines. 
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A.  J.  Jacobins 

1  National  Institute  of  Health.  Library.  Building  10.  Roan  3H1I.  Betbesda  14.  Maryland. 
Attn:  Acquisitions  Section 

1  National  Library  of  Medicine.  Nashingtos  25.  D.  C..  Attn:  Acquisition  Section 

1  National  Institutes  of  Health.  Division  of  Bv  seer  eh  Grants.  Inforuatien  Office.  Bethesdn 

14.  Maryland 

1  National  P  search  Council.  Division  of  Medical  Sciences.  Mediae i  Records.  2101 
Constitution  Avene.  N.l.  Washington  25.  D.  C. 

OTHER  AGENCIES  . 

1  Arctic  Henlth  Research  Center,  Library.  Bos  94®.  Anchorage.  Alaska 

2  Aero-Space  Division.  Chief.  Space  Medicine  Section.  Boeing  Airplane  Conpany.  Seattle  24. 

Washington.  Attn:  Dr.  Ronoey  H-  Loery  (Ban  19-29 

1  Boeing  Airplane  Corpany.  Library,  Wichita  Division.  Wichita  1.  Kansas 

1  Boeing  Airplate  Carpaiy,  Central  Medical  Library,  Boe  11- 40  Pest  Office  Ban  3707.  Seattle 
24.  Washington 

1  Chrysler  Corporation.  Bon  1119.  Engineering  Research  Deportnont  921.  Detroit  31.  Michigan 
Attn:  John  Verscre,  Engineering  Psychologist 

1  Division  of  Radiological  Health  •  BBS  Dr  par  bare  t  of  Health  Eda  nation  and  Welfare.  Soon 
5429.  South  Hl>  Building.  Washington  25.  D.  C. 

1  Ford  Motor  Conpany.  Techniaai  Infornation  Section.  Scientific  Laboratory.  Piet  Office  Ban 
2053.  Dearborn.  Michigan 

L  General  Electric  Corpany.  Advanced  Electronic  Center.  Cornell  University.  Ithaca.  Nee 
York,  Attn:  Library 

1  General  Electric  Corpany.  Technical  Military  Pleasing  Operation.  735  State  St.  Santa 
Barbara,  California 

1  John  Crerar  Library.  44  East  Randolph  Street.  Chicago  1.  Illinois 

2  Kings  County  Hospital.  Dvpartnent  of  Anesthesiology.  Brooklyn.  Noe  York.  Attn:  Or.  M. 

w.  Coitxner 
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1  Lcckenn  Hospital.  Division  of  Research.  Lore  as  ter  ecd  City  lino  Avenue.  Philadelphia  X. 
Pennsylvania 

1  Wryo  Clinic.  Rochester.  Minnesota.  Attn:  Dr.  Krone tb  N.  Ogle,  Section  of  Biophysics 
1  Mercy  Hospital.  Anesthesia  Research  Laboratory.  Pittsburgh  19.  Pennsylvania 

7  National  Aeronautics  and  Space  Ad&inistrctioa.  1520  H.  Street.  N.  Washington  25, 

D.  C..  Attn:  Bertrc»<  A.  Vulcaby.  Assistant  Director  for  Tecnnicnl  Inforrotian 

1  Pond  Corporation.  1700  Main  Street.  Santa  Monica,  California.  Attn:  Library 

,1  Space  Technology  Laboratories.  Subcorsittee  on  Noise.  327  South  Alvarado  Street.  Lon 
Angeles  57,  California 

1  Systems  Research  Center.  Lockheed  Electronics  Caapany.  Post  Office  Box  37.  Bedniiater. 

Nev  Jersey,  Attn:  Mr.  Robert  E.  Weber 

1  Terkes  Lafcoratorien  of  Prinate  biology.  Incorporated.  Orange  Rrrk.  Florida.  Attn:  A. 

J.  Hiopellr 

MEDICAL  COLLEGE/ SCHOOL  LIERARTES  AND  DEPARTMENTS 
1  Albany  Medical  College  Library,  Nee  Scotland  Avenue.  .Albany  8.  Nee  York 

1  Bovuan  Cray.  School  of  Medicine  Library.  finston-Saleu.  North  Carolina 

1  Brown  University.  Providence  12.  Rhode  Island,  Attn:  Professor  Lnrin  A.  Higgs 

1  Broun  University.  Providence  12.  Rhode  Island,  Attn:  Prof.  Harold  Schlosfcerg,  Consultant 

1  College  of  S'edical  Evaugelists.  White  Menorial  Medical  Library.  1720  Brooklyn  Avenue. 

Los  Angeles  33,  California 

i  College  of  Medical  Evangelists,  Vernier  fcocliffe  Meuorial  Library.  Loin  Linda.  California 

1  College  of  Physicians  of  Philadelphia.  Library.  19  South  22nd  Street.  Philadelphia  3. 
Pennsylvania 

1  Columbia  Univr  y.  Depar tnent  of  Psychology.  Nee  Tor k  27.  Nee  York.  Attn:  Dr.  C.  H. 
Crab  cm 

1  Colunbia  University  Medical  Library.  830  West  168th  Street.  Kee  York  32.  New  York 
1  Cornell  University  Medical  Col  rge  Library.  1300  York  Aveisie.  Nev  York  21.  Nee  York 
1  Creighton  University.  Medical -PSaraacy  Library.  Ui>  Davenport.  Osoha  2,  Nebraska 
1  Dartuouth  College  Medical  Library.  Baker  Building,  Hanover.  Nee  Hampshire 

1  f>ory  University,  Defartncnt  of  ftycfcnlogy.  Atlanta  72.  Georgia,  Attn:  Dr.  Farl  A. 

A 11  nisi 

1  Florida  State  University.  IV parte* at  Psychology.  Tallahassee.  Florida.  Attn:  Dr.  Ita. 

I.  Daesos 

2  George  Washington  University.  Huaau  Resources  Research  Office.  P.0.  Box  3586,  Washington 

7,  D.  C.,  Attn:  Library 

1  Harvard  M.dical  Library,  2SShattuck  Street.  Poston  15.  Massachusetts.  Attn:  Librariaa 

1  Harvard  School  of  Public  Hsaltb.  Dspartnest  of  Epiderioiagy.  1  Shat  tuck  Strsat.  Bostaa 

15.  Massachusetts 

1  Indiana  Ikiversity.  Dspartnest  of  Psychology.  Blooaington.  Indiana,  Arts.  Dr.  7i.  C.  Bavin 

1  Indiana  University  Medical  Center.  School  of  Medicine  Library.  1100  West  Wtichigan  Street. 
Indian  polls  7,  Indiana.  Attn:  Librarian 

1  Indiana  University  Medical  Center,  ilOO  West  Michigan  Street,  Indianapolis.  Indiana, 

Attn:  Dr.  Hints  B.  Shunacker,  Jr.,  Prof,  of  Surgery 

1  Indiana  Universi  ty,  Anataay- Physiology  Dspartnest.  B)  oaring  tom.  Tndissa,  Attn:  Dr.  SM 
Robinson 

1  Jefferson  Medical  College  library.  102  5  Walnut  Street.  Philadelphia  7.  FMnnsyl  vtmia 

1  Johns  Hopkins  University.  Welch  Medical  Library,  1900  F.  Monument  Street,  Baltimore  C. 

Maryland,  Attn:  Librarian 

1  Kansas  State  University.  Depart  rent  of  Frychology,  kb  aha  t  tan.  Kansas.  Attn:  Dr.  Willina 
Be van.  Chairsan 

1  Vbrjuette  University.  Medical  Dental  Library.  560  North  16th  Street.  Milwaukee  3,  Wisconsin 
Attn:  Librariaa 

1  Medical  College  of  Virginia,  T  nfkins -McCaa  Library.  Richaond  19.  Virginia 
Attn:  Librarian 
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1  Nee  York  Acodeay  of  Medicine.  Library.  2  East  103rd  Street.  Nee  Tork_29.  Nee  York 

I  Jlee  York  University.  Collece  of  Engineering.  Research  Pieision.  252  Seventh  Aeenue. 

New  York  1.  Nee  York.  Attn:  Associate  Project  Director 

i  Nee  York  University  Veaical  Center.  Medical- Library.  SSO  First  Avenue.  Nee  York  U. 

Nee  York 

1  Northeastern  University.  Department  of  Psychology.  Evanston.  Illinois.  Attn:  lillian 
A.  Hunt 

I  Northwestern  University  Medical  School.  Archibald  Church  Library.  303  E.  Chicago  Avenue. 

Chicago  11.  Illinois.  Attn:  Librarian 
I  Ohio  Slots  University.  The  CLeoical  .Abstracts  Service,  folueBun  10.  Ohio 
1  Ohio  State  Ur.rversity.  Research  Center.  Psycholinguistics  Laboratory.  1314  Ki  reveal  Rood. 
Colusbcs  12.  (Bio 

1  Chio  State  University.  Tops*  Library.  School  of  fytroetry  .  33d  Aest  10th  Avenue. 

Colunbus  10.  Chio 

1  Rush  Vedical  College  Library.  1754  lest  Harrison  Street.  Chicago  12.  Illinois 
1  Stanford  University.  Lane  Veaical  Library.  3CQ  Pasteur  Road,  ftilo  Alto.  Ca-liferoia 

1  Stanford  University.  IVpcirtrent  of  Physiology.  Stanford,  California.  Attn:  J.  P. 

Cmnn,  V.  1). 

1  St.  Louts  University,  Medical  School  Library.  1402  South  Grand  El vd.  St.  Louis  4.  Mo. 

1  State  University  of  Iosa.  College  of  Medicine  Litrary.  Medical  Lokorotories  Building. 

Io»a  City.  Iova 

1  State  University  of  Ne«  York.  Proenstate  Medical  (ester.  Department  of  Anesthesiology. 

453  Clarkson  Avenue.  Brooklyn  3,  ICee  York 

1  Stale  University  of  Nee  YorS.  PoensAate  Vedicnl  Center.  Medical  LiLrvry,  430  Clarkson 
Avenue.  Brooklyn  3.  Nev  York,  Attn:  librarian 
I  Texa  .  Medical  Center  Library.  Jesse  H.  Jones  Library  Building.  !f«vston25.  Texas 
1  Tufts  University  Institute  for  Applied  Experimental  Psychology.  Medford.  Massachusetts 

1  Tulnne  University  School  of  Vedicine,  1430  Tulane  Avenue.  Nee  Orleans  12.  tauisinna.  - 
Attn:  Dr.  G.  E.  Eurch.  Professor  of  Vedicine 
I  Vanderbilt  University  School  of  Medicine.  Nashville  V  Tennessee.  Attn:  Dr.  George  R. 
Meneely.  Director.  Radioisotope  Center 

1  Vest  Virginia  Umvorsity.  Medical  Center  library.  Vorgantoen.  Vest  Virqinia 
1  University  of  Alabama.  13t?  Seventh  Avenue  South.  Bireinghan  3.  Alafcoaa 
1  University  of  Atkansas,  Medical  Center  Library.  4301  Vest  Markhan.  fjittle  Rock.  Arkansas 
1  University  of  Buffalo.  Health  Sciences  jtrary.  Fhiffala  14.  Nes  York.  Atts:  Ltbrarias 
1  University  of  Buffalo.  Department  of  Psychology,  [kiffalo  14.  Nee  York 
1  University  of  California  V-dical  Center.  Bioevdical  Libtary.  I/'S  Angeles  24.  California 
1  University  of  California  1301  South  45th  Street,  fuciisond  4.  California.  Alts:  Civil 
Defense  Research  Project 

1  University  of  Chicago,  U.S.  Air  Tore#  Radiation  Laboratory.  930  54th  Street.  China ge 
37.  Illinois 

1  University  of  Cincinnati.  Kettering  Laboratory.  Eden  and  Bet  herds  Avenues.  Cincinnati 
19.  Chin 

1  University  of  Florida.  College  of  Vedicine.  Departsent  of  Physiology.  Go  irstvi  lie.  Florida. 

Alts:  Pr.  Nelvis  J.  Fregly 

2  University  of  Illinois,  Aeroredical  Laboratory,  440  S.  Vood  Street.  Chicago  12,  Illinois 

1  University  of  Illinois,  Training  Research  Laboratory,  Department  of  Psychology  4 5 
Lincoln  Hall.  Urbuna,  Illinois.  Attn:  La ere nee  V.  Stoluroe 

1  University  of  Illinois,  Paco.-vnts  Division  Library,  Uitana.  Illinois 
1  University  of  Kansas  Vedicnl  Center,  Clvndemng  Medical  Library,  Kansas  City  12.  Kamos 

3  University  of  Louisville,  School  of  Medicine  Library.  101  W.  Orestnit  Street,  Louisvillo 

2,  Kentucky  |  | 

1  University  of  Maryland.  Health  Sciences  Library,  Serials  Peparteest.  Ill  South  Greens 
Street,  foltirore  1,  Maryland 

1  University  of  Michigan,  Serials  and  Dortvenls  Section.  General  Library,  Ann  Arbor. 
Michigan 
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1  University  of  Minnesota  Library.  Serials  Division,  Minneapolis  14.  Minnesota 

1  Univeisity  of  Missouri.  Medico]  Library.  Room  MCI 0  Medical  Sciences  Building.  Coliudum. 

Missouri 

1  University  of  Nebraska.  College  of  Ueaicine  Library.  42nd  and  Dewey  Avenue.  (Wiha  5u 
Net iqska 

1  University  ©f  North  Carolina.  Division  of  Health  Affairs  Library.  North  Carolina. 

Memorial  Hospital.  Cbapei  Hill.  North  Carolina 

1  University  of  North  C^nli.e,  Pepartrent  of  Medicine,  Physiology  and  Environmental 
Medicine,  Chapel  Hill.  North  Caroline.  Attn:  Dr.  Richard  L.  Docst* 

1  University  of  North  Carolina,  bwpartr—ot  of  Physiology.  School  of  Medicine.  Chapel  Hill. 
North  Carolina.  Attn:  A.  T.  Miller.  Jr.  . 

1  Uni v«*rsi ty  of  Oklahoma  Medical  Center  Library.  W01  N.  E-  I3th  Street.  Oklahoma  City  4. 

Hk 1 a  Soma 

i  University  of  CVegon.  Medical  School  Library.  Portland  1.  Oregon.  Attn:  Librarian 

1  University  of  Pittsburgh,  Folk  Library,  of  The  Health  Professions.  Pittsburgh,  fts 

1  University  of  Pittsburgh,  Graduate  School  of  IA£]ic  Health.  Pittsburgh  13.  Pennsylvania 

1  University  of  Rochester.  Atovic  Energy  Project.  Technical  Report  Control  Unit.  P.Ou  Box 
287.  Station  3.  Hocre-ster  20.  Nv©  York 

1  University  of  Rochester.  School  of  lent  is  try.  260-  Cri t tendeu  Boulevard.  Rochester.  Nen 
York,  Attn:  Joses  A.  iVkeese 

1  University  of  RooUstvr,  Strong  Wesorial  Hospital.  2  ij^>  Cr  i  t  tenaen  Poulevara.  Rochester. 

New  York  Attn:  Dr.  Herman  L.  Pears©.  Prof,  of  Surgery 

3  University  of  Southern  Californio,  School  of  Ved;c}fH*  Library.  2025  Zoos)  Avenue,  Lam 
Angeles  33.  California.  Attn:  Jr,  Vilea  Proctor  , 

1  University  of  South  J’.cota.  Medical  Library.  VeiviHfom.  South  Dakota 

1  University  of  Tennessee.  Collejeof  Medicine.  Clinical  Physiology,  Institute  of  Clinical 

Investigation.  8?  Lxiniop,  Memphis  3,  Tennessee 

1  University  of  Tonrr.see.  tVairul  Units,  Mooney  Merorial  library.  t>2  South  fXmbap,  Memphis 
3  Tennessee.  Attn:  Librarian 

1  University  of  Tennessee.  fVf/ar  treat  of  Bocter iology.  Knowtlle.  Tennessee.  Atta;  Dr. 

Ih  Fran*  Holtman 

1  University  of  Tennessee,  CW-j-i  r  t  e  *n  t  of  Microbiology.  4SG  Madison  Avenue,  Knoxville, 
Teiwev'w*©  •  Altn:  If.  Huy  C.  Wo-sick 

!  University  of  Texas,  vec*cal  Brooch  library,  Galveston.  Texas,  Attn:  Librarian 

1  University  of  Utah,  Medical  Lit  tary.  Silt  lake  City  12,  Utah 

1  University  of  Virginia.  P*ychol<«ncal  Litoratoiy,  fY<d  ody  Kali ,  Chai  lot les**i lie,  Virginia 
1  University  of  Vcrvont,  College  of  l-Vdiciiu  Lit  i*iry.  Pur  ling  ton.  Vermont 

1  University  of  Kishinj’icn.  If* -i I  th  fci^nivi  Ijtrory,  Seattle  S,  Washington,  Attn:  Lilrariam 

1  University  of  Wisconsin,  Medical  School  library.  !M1  Hldg.  N.  Charter  St,  thdison  tf.  Vis 

1  University  of  Iivontii,  Wyclidigical  Alslrarto,  hOO  N.  Dirk  Street,  Madison  £,  Vis 

IWICN 

1  British  >Vivy  Staff  Office,  Arey  Medic  i  I  Liuson  Df f icet  N*njovin  Ttanktin  Station,  fk»s| 

Office  Box  1G5,  4«is  bi  rv  jt  cn,  f>«  Attn:  I’.  P.  I  Hit,  Surgeon  (oj  tain,  lioyui  Navy 

1  Pr  1 1 » "h  Airy  y«vticii  Linton  Offiter,  British  Ai-jr  Staff.  British  Embassy,  Wishing  ton  I. 

P.  C.,  Attn:  Col  ere  I  Reid 

10  lanson  Officer,  (Iff  ice  of  Tt>e  :Viiu,‘*r.  tVfu-ril.  US  Arty,  Boat  1  A)  IA,  Mom  Novy 

BuiHing,  tmhingtrn  TA,  P.  4*.,  kiln'  r.  1.  I*.  Ir<t»^iu 

2  (We  rue  !v*-*e  r< h  Verier,  (um.iih*  J««iet  Staff,  "i'3  tfttssochoxet t «  Avenue  N.V.* 

l  i'bmgton  I,  P,  C. 

1  (Vrr  m  V|] itot y  At ta<  le,  Or^’n  Bearf  »l  Vintstry  r|  fvfrnse,  Washington,  p,  C, 

1  Institute  de  (Vm  »*i»  }  1 1 1  >»  |r-;ir  ,  Av.  G|«»l  .  I  1«  f  »s  j  U  ?A,  Montevideo,  Uruguay,  Attn: 

Uiofritof  l^f  .  p,  iVr.riti,  life*  fef  '*  j 

1  Kc»*»iin*ka  Institute!.  <»f  )list<*l<s|y,  *'t*.  t£,  fedok,  Attn:  f  % ,  Jen 

Wfeall 

1  liilwi.itoif#  de  Pithciajie  et  T^«ef  »»vm*  I  |  ie  (#ss«il»«,  *2  Boulevard  de  J«  Co»»«  1 1  tut  ten, 
tjege,  IVlgtut,  Attn  |  f  t'fetsewV  i  .  V,  RtcJ 
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1  Oxford  University.  Department  of  Hunan  Anatomy.  South  Park*  Hoad.  Orford  England.  Attn: 
Dr .  A-  R .  ?and 

I  Office  of  The  United  Staten  Army  Attache,  American  Enbossy.  The  Foreign  Service*  et  The 
United  State*  of  Arenas.  London.  England.  Attn:  Assistant  Amy  Attache  (Medical) 

1  Royal  Society  of  Medicine  Library.  1.  Yinpole  Street.  London  V.I..  England 

1  Unirersita  Di  Pisa.  Institute  of  fhysiology.  Pisa.  Italy.  Attn:  Professor  Giuseppe 

Worurzi. 

2  University  of  Western  Cutario.  Department  of  Biophysics.  Medical  School.  South  Street. 

London.  O.tario,  Canuaa.  Attn:  Dr.  Allen  C.  Burton 

1  University  of  Western  Cbtario.  Medical  School .  Department  of  Physiology.  London.  Ontario. 
Canada .  Attn:  Professor  J.  A.  F-  Stevenson 
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